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The research was aimed to study diagnostic characters distinguishing individual deve¬ 
lopment stages of Bursaphelenchus ulmophilus (.Hofmanni group), which propagative ge¬ 
neration worms were multiplied in sterile laboratory cultures of the fungus Botrytis cinerea . 
J2 hatched after the first molt in the egg shell. Postembryonic stages of individual develop¬ 
ment include 4 stages (J2—J4 and adults) separated by molts. Juvenile stages differ in 
structure and size of the genital primordium. The genital primordium of J2 consists of 2 lar¬ 
ge germinal cells and two apical somatic cells; the presence of 2 germinal cells indicates 
the didelphic female genital tube of the Bursaphelenchus ancestor. During the following 
development, both germinal cells shift into the anterior genital tube, because Bursaphelenc¬ 
hus spp. females possess an unpaired genital system with a single anterior branch and ante¬ 
rior ovary. A sex in juveniles may be identified from the J3 stage. In J4, sections of the for¬ 
ming genital system are recognizable. A key to developmental stages of B. ulmophilus is 
given. The body length growth exceeds pharynx growth. The juvenile body increases du¬ 
ring molts and within each stage. Comparing to the earlier development, the growth accele¬ 
rates between stages J3 and J4; in the same development phase, the most active cellular dif¬ 
ferentiation and elongation of the genital primordium take place. The B. ulmophilus dauers 
taken from the Scolytus spp. beetle under-elytra spaces are identical to the thud juvenile 
stage of the propagative generation, whereas in B. mucronatus dauers (the species of Xylop- 
hilus group) are the fourth juvenile stage (J4D). Differences between species are also visib¬ 
le in the absence of the mucro on the tail tip in adults and juveniles of B. ulmophilus , whe¬ 
reas a mucro is present in B. mucronatus in juveniles of J3 and J4 stages and in females. 

Key words'. Bursaphelenchus ulmophilus , individual development, postembryogenesis, 
diagnostics, saproxylic nematodes; Ulmus , Scolytus , Saint Petersburg. 
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IJejiBio HCCJie^oBaHH^ 6 bijio BBmBJiemie /piarHOCTHHecKHX npn3HaKOB, no kotopbim 
mo>kho otjihhiitb CTa^HH HHTjHBH^yaJiBHoro pa3BHTH^ Bursaphelenchus ulmophilus (Hof- 
manni group), nponararaBHoe noKOJiemie KOToptix 6 bijio pa3MH0^ceH0 b erepHJiBHOH Jia- 
OopaTopHon KyjitType rpn6a Botrytis cinerea. IlepBaa JiHHBKa nponcxo^HT BHyTpn AHije- 
boh o6ojiohkh, H3 anqa bbixo/jht JiHHHHKa BTopon CTa^nn (J2). B nocT3M6pHOHajiBHOM 
pa3BiiTHn HMeioTCfl 4 cTa^HH (J2—J4 h nojioB03pejitie caMUBi h caMKn), pa3/jejieHHBie 
/jpyr ot ^pyra JiHHBKaMH. CTa^nn jihhhhok OTJiHHaioTCfl Meac/jy co6oh no CTpyKType n 
pa3Mepy nojioBoro 3anaTKa. Hojioboh 3anaTOK jihhhhkh BTopon CTa/jHH (J2) coctoht H3 
#Byx KpynHBix ueHTpajiBHBix repMHHajiBHtix KJieTOK n £Byx mcjikhx annKajiBHBix coMa- 
THnecKHX Ji/jep Ha nomocax 3anaTKa. Hannune RByx repMHHajiBHBix KJieTOK b 3anaTKe, 
Ka^a^ H3 KOTOptix Mo^ceT npo^ynnpoBaTB jihhhhk, yKa3BiBaeT Ha napHyio nonoByio ch- 
CTeMy y caMOK npe/jica po/ja. B nocjieAyiomeM pa3BHTnn o6e repMHHajiBHBie KJieTKH ne- 
peMeiuaioTC^ b nepe^moio bctbb nonoBoro 3anaTKa, Tax Rax ^xeHCKaa nonoBaji cncTeMa 
6ypca(J)ejieHX0B HenapHafl, OHa coctoht H3 o/jhoh nepe^Hen Tpy6xn. non jihhhhkh bo 3- 
MO^CHO H^eHTH^HUHpOBaTB, HaHHHaJI C TpeTBCH JIHHHHOHHOH CTa/JHH. B nOJIOBBIX 3aHaT- 
Kax y JIHHHHOK HeTBepTOH CTa^HH pa3JIHHHMBI (jjyHKIJHOHaJIBHBie OT^eJIBI. A aH KJIIOH J\JIK 
H^eHTHtJlHKaUHH CTa/JHH pa3BHTHfl H HX nOJia £JHI B. ulmophilus . PoCT TeJia npOHCXO^HT 
SBicTpee, neM pocT tjiotkh. JThhhhkh yBejiHHHBaK>Tcu b pa3Mepax b xo^e jihhck, ho Tax- 
tKG npOHCXO^HT pOCT JIHHHHKH BHyTpH Ka^C^OH CTa^HH. E[aH6oJIBIIIHH cxaHox pOCTa Ha- 
Smo^aeTC^ Mox^y TpeTBen h neTBepTon CTa/jHflMH. B 3toh xce (jia3e pa3BHTHJi pe3xo yBe- 
jiHHHBaeTCJi nonoBOH 3anaTox h nponcxo^HT ero KJieTOHHa^ £H(j)(j)epeHUHpoBKa. A a y e P M > 
JIHHHHKH HHBa3HOHHOTO nOKOJieHHfl B. ulmophilus nOCJie H3BJieHeHHJI H3 HeMaTaHTHeB 
no a 3JiHTpaMH, HAeHTHHHBi no CTpoeHHio nojioBoro 3anaTxa jihhhhkc TpeTBen CTa/jHH 
nponaraTHBHoro noxojieHH^. 3 to OTJinnaeT B^30Byio HeMaro/jy ot cochoboh HeMaTO^Bi 
B. mucronatus (h 3 rpynnBi Xylophilus ), y kotopbix /jayepBi b ^xyxe nepeHOCHHxe — 3TO 
jihhhhkh neTBepToro B03pacTa. Pa3JiHHH« McyKjxy BH^aMH TaK^ce b oTcyTCTBHH MyKpo Ha 
KOHHHKe XBOCTaR ulmophilus Ha Bcex CTa^nax pa3BHTH«; y B. mucronatus Myxpo HMeeT- 
cfi y CTa^HH J3 h J4 h y caMKH. 

Kjuoueebie cjioea\ Bursaphelenchus ulmophilus , HH^HBH^yajiBHoe pa3BHTHe, nocT- 
3M6pHoreHe3, ^narHOCTHKa, kchjioOhohthbic HeMaTO^Bi, Ulmus> Scolytus , CamcT-IIeTep- 
6ypr. 

The nematode species Bursaphelenchus ulmophilus Ryss, Polyanina, Popo- 
vichev et Subbotin, 2015 ( Hofinanni group) was originally described from the 
dying elm Ulmus glabra Huds. found in the park of the Forestry Technological 
University (Saint Petersburg), and now it was detected in more than 20 localities 
across the city (Ryss et al., 2015; Polyanina et al., 2016; Ryss, Subbotin, 2017). 
All records revealed associations of B. ulmophilus with symptoms of Dutch Elm 
Disease (DED) of Ulmus laevis Pall, and U glabra , with bark beetle vectors 
Scolytus multistriatus (Marsham, 1802) and S. scolytus (Fabricius, 1775). Tran¬ 
smissive dauer juveniles of B. ulmophilus were found in senior larvae, pupae, 
and female imagoes of the beetle species. From these dauer juveniles, adult ne- 
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matodes of B. ulmophilus were grown in cultures of the spore-less strain of the 
fungus Botrytis cinerea on the 2 % potato dextrose agar (PDA) (Ryss, 2015; 
Ryss et al., 2015). Earlier, the pathogenic fungus Ophiostoma novo-ulmi Brasi- 
er, 1991, the causative agent of DED, was detected for the association, with the 
same beetle vectors (Kalko, 2008, 2009; Fedorova, 2010). It was concluded that 
B. ulmophilus is an associate of DED pathogens with a role of an acceleration of 
spread of the O. novo-ulmi spores along the elm trunk in the phloem layer (Ryss 
et al., 2015). To study host-parasite and vector-parasite relations of B. ulmophi¬ 
lus, the identification of the life cycle stages is necessary. The goal of this rese¬ 
arch is to identify the juvenile stages of the species. Special attention is given to 
the genital primordium structures, because according to previous studies, these 
structures are most useful in identification of stage and sex of juveniles (Hirsch- 
mann, 1962, 1971; Hirschmann, Triantaphyllou, 1968; Ryss, 1981). 


MATERIAL AND METHODS 

The nematodes Bursaphelenchus ulmophilus were collected by the junior 
author in the Moskovsky Victory Park («Moskovskiy Park Pobedy»), a park in 
the south of Saint Petersburg, on September 9, 2016. GIS: 59°52'06.4"N 
30° 19'45.1" E. Host: Ulmus laevis with DED symptoms (red-brownish ring in 
a phloem layer of tree trunk and branches) and the bark beetle S. multistriatus 
imagoes and 2nd stage larvae in bark tunnels in the inner bark layer and softwo¬ 
od. Nematodes were multiplied in the sterile laboratory cultures on the lawn of 
spore-less strain of the fungus Botrytis cinerea , inoculated in the 2 % potato 
dextrose agar media in Petri dish. Over one week after 100 nematode specimen 
inoculation, nematodes occupied all the Petri dish space (6 cm in diameter), de¬ 
vastating the fungus lawn, showing active oviposition and population growth. 
Nematode suspension was washed out with 1 ml of distilled water and fixed in 
hot TAF as described by Ryss (2017). Over 2 days after fixation, nematodes 
were stained with acetic orcein. To stain nematodes, a modification of the stai¬ 
ning technique (Ryss, 1988; Ryss, Chemetskaya, 2009) was used. A 1.5 ml Ep- 
pendorf tube with nematodes in TAF was placed in upright position for 10 min 
to settle nematodes down, and the upper layer of fixative was removed with 
a syringe up to the 2 fold level of the nematode suspension height (usually 
100 microliters). Then 200 microliters of 70 % acetic acid were added into the 
tube. After shaking of a tube, two drops of saturated acetic orcein solution in 
65 % acetic acid were added, which is used usually for chromosome staining. 
The mixture was kept overnight for staining procedure and then a drop of stai¬ 
ning suspension was placed into a glycerin in a cavity slide. Stained nematodes 
were picked out with needle under a stereomicroscope and placed in a minute 
drop of glycerin on a microscopic slide. The drop was covered with 24 X 
X 24 mm coverslip. The drop was spread under coverslip to press nematodes to 
obtain flattened worm bodies for detailed study of nematode genital primordia 
structures. After drop spreading, coverslip was sealed with nail polish along 
borders. 

Measurements and values used in morphometry of the individual deve¬ 
lopment stages. Measures: L: body length; BW: body width; pharynx length till 
the end of the pharyngeal gland lobe, tail length; tail width at anus (ABW), GP: 
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genital primordium length; GW: genital primordium width; spicule length along 
arc; hyaline part of tail in male juveniles (future bursal flap of male). Ratios: 
a: body length divided to body width; b’: body length divided to pharynx 
length till the end of pharyngeal glands (because pharyngo-intestinal valve is 
hardly recognizable in juveniles and thus b-value cannot be calculated); c: 
body length divided to tail length; c’: tail length divided to tail width; V or (V): 
distance from anterior body end to vulva, or to the center of the vulval pri¬ 
mordium, divided to the body length, in %; GP/GW: genital primordium length 
divided to its width; GP/L: genital primordium length divided to body length, 
in %. 

Because the bodies were flattened, the re-calculation of the body and tail dia¬ 
meter was used: the flattened width was considered as a half of the circle (tiR or 
pi R), thus the diameter (2R) was calculated as the flattened body width 
(BW)*(2/pi) = 0.64*BW. 


RESULTS 

Orcein-stained nematodes and eggs were studied. The first molt took place 
in the egg shell; thus during hatching the second stage juvenile (J2) broke the 
egg-shell and came out (fig. 1). 

Other stages may be classified as J2, J3, J4, and adult males and females, se¬ 
parated by three molts. Molts were detected by cuticle separation from the body 
at body extremities, the head and tail tips (fig. 2). In juveniles J2, J3, and J4 the 
sexes of juveniles may be recognized whereas in J2 the sex was unknown. The 
stage and sex of the juvenile may be determined in the genital primordium 
structure and its position in the body. The body size and the ratio between the 
body length and the pharynx are useful to identify the stage. Genital primordia 
in every stage and sex are described and illustrated below. 



Fig. 1. Egg development. 

A — gastrula, B — first molt in egg, C — hatching. Scale — 25 |xm. 
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Fig. 2. Molting male juvenile, J4 to adult male. 

A — head; B — tail tip, with shed cuticle. Arrows: molting cuticle separated from body wall. Scale — 10 pm. 


Second stage juveniles (J2) 

Fig. 3, A, B; 5, 6. Measurements are given in the table. 

The genital primordium consists of four cells: two large germinal cells in the 
central part and two small somatic nuclei at extremities (fig. 3, B ). Primordium 
is in the middle of the intestine part of the body (fig. 5). 

Differences from other stages. J2 differs from senior stages in the smallest 
number of cells in primordium as well as in the body size less than 200 pm, vs 
body length of 300 pm or longer in juveniles of senior stages. 
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Fig. 3. Juvenile tails (A, C, F, H) and genital primordia (.B, D, E, G, I). 

A,B — second stage juvenile; C,D,E — third stage juvenile, female (C, D — lateral view; E — ventral view); F, 
G — third stage male juvenile; H, I — molting male juvenile from third stage to fourth stage (. I — «loop stage» of 
the male primordium with its somatic part reverse movement), ac — apical cells, cp — cloaca primordium, gc — 
germinal cells, gep — germinal part of primordium, sc — somatic cells, sp — somatic part of genital primordium, 
vc — ventral cord of hypodermal cells nuclei, vp — vulva primordium. Scale — 10 pm. 


Third stage juveniles 

Third stage male juveniles. Fig. 3, F, G; 5. Measurements are given in the 
Table. 

In the genital primordium, 3—5 germinal cells in the posterior part and 
12 somatic nuclei in anterior part (fig. 3, G) are present. In addition, a single 
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Fig. 4. Genitai primordium and tails of the fourth stage juveniles. 

A — fourth stage male juvenile, B — fourth stage female juvenile, gep — germinal part of primordium, sp — so¬ 
matic part, up — uterus primordium, vp — vulva primordium. Scale — 100 pm. 


somatic apical nucleus at every extremity of the primordium is found. The pri¬ 
mordium is situated in the middle of the intestine part of the body. Cloaca 
primordium is present as a dense agglomeration of somatic nuclei around the 
rectum. 

Third stage female juvenile. Fig. 3, C, D, E; 6. Measurements are given in 
the Table. 

Tn the genital primordium, 2 large germinal cells in the anterior part and 
12 somatic nuclei in the posterior primordium part are present together with 
a single somatic apical nucleus on every extremity of the primordium (fig. 3, D, E ). 


472 











Molt 
J4-adult 



U> 


Fig. 5. Position of genital primordia in bodies of male juveniles and adults. 
Arrow: genital primordium position. Scale — 100 pm. 
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Fig. 6 Position of genital primordia in bodies of female juveniles and adults. 
Arrow: genital primordium position. Scale — 100 pm. 















Measurements (in pm) and ratios of the development stages of Bursaphelenchus ulmophilus 


Stage/Character 

J2 

J3 male 

J3 female 

J4 male 

J4 female 

Male 

Female 

n 

20 

20 

20 

20 

20 

15 

15 

L 

188 ± 8 

332 ±26 

347 ± 37 

425 ±11 

485 ±36 

679 ±11 

674 ± 90 


(179—201) 

(291—362) 

(285—385) 

(413—440) 

(450—520) 

(666—685) 

(538—802) 

Body width 

6± 1 

10 ± 1 

10 ±2 

15 ± 2 

16.4 ±0.3 

15 ± 1 

19 ± 3 


(5—8) 

(9—11) 

(8—13) 

(13—17) 

(16—17) 

(14—16) 

(14—23) 

Pharynx 

68 ±4 

97 ±5 

90 ±6 

117 ± 5 

110 ± 8 

117 ± 8 

111 ± 15 

(63—74) 

(90—104) 

(81—97) 

(112—124) 

(102—118) 

(108—122) 

(86—130) 

Tail 

15 ± 2 

24 ±3 

24 ±3 

31 ±2 

28 ±2 

30.3 ±0.4 

38 ± 4 


(14—19) 

(19—27) 

(18—27) 

(29—34) 

(26—30) 

(29—31) 

(31—43) 

Anal body width 

4 ± 1 

6 ± 1 

6 ± 1 

7 ± 1 

9.0 ±0.3 

10± 1 

7 ± 1 


(4—5) 

(5—7) 

(4—7) 

(7—8) 

(8-10) 

(9-10) 

(6-9) 

Genital primordium 

5± 1 

15 ± 2 

12 ±3 

105 ± 27 

138 ± 1 

371 ±65 

252 ±53 

length (GPL) 

(4-8) 

(11—18) 

(8—18) 

(86—142) 

(136—140) 

(333—445) 

(175—306) 

Genital primordium 

3 ± 1 

4 ± 1 

4 ± 1 

6 ± 1 

8.5 ±0.5 

12 ± 2 

16 ± 2 

width (GPW) 

(2—4) 

(3—5) 

(3—5) 

(5—7) 

(8—9) 

(11-14) 

(14—19) 

Spicule length 

— 

— 

— 

— 

— 

13 ± 1 

— 

along arc 
a 

32 ±5 

33.2 ±0.9 

35 ±4 

30 ±3 

30 ±3 

(12—14) 

44 ±3 

36 ± 4 


(25—37) 

(32—34) 

(28—39) 

(26—32) 

(27—32) 

(42—48) 

(31—42) 

b’ 

2.8 ± 0.2 

3.4 ±0.3 

3.8 ±0.3 

3.7 ±0.2 

4.4—4.5 

5.8 ±0.3 

6.1 ±0.6 

c 

(2.5—3.1) 

12 =b 1 

(3.1—3.9) 

14 ± 1 

(3.5—4.5) 

15 ± 1 

(3.3—3.9) 

14 ± 1 

17 ± 1 

(5.6—6.2) 

22 ± 1 

(5.3—7.0) 

18 ± 2 


(10—14) 

(13—16) 

(12—16) 

(12—15) 

(16—18) 

(21—23) 

(15—20) 

c' 

3.6 ±0.2 

3.9 ±0.2 

4.2 ±0.3 

4.2 ±0.4 

3.1 ±0.3 

3.1 ± 0.2 

5.2 ±0.5 


(3.4—4.1) 

(3.5—4.5) 

(3.7—4.6) 

(3.6—4.6) 

(2.8—3.4) 

(3.0—3.3) 

(4.7—6.2) 

Y % or (V) 

66 ± 1 

— 

62 ±2 

— 

73 ±2 

— 

73 ± 1 

GPL/GPW 

(65—68) 

1.6 ±0.2 

4.1 ± 1.0 

(58—66) 

2.6 ±0.6 

17.4 ±2.5 

(71—75) 

16.3 ± 1.0 

30.8 ±0.4 

(71—75) 

16.6 ±4.5 


(2.0—2.4) 

(2.8—5.7) 

(2.0—3.9) 

(14.3—20.3) 

(15.3—17.3) 

(30.5—31.3) 

(11.0—21.8) 

GPL/L, % 

3 ± 1 

4.6 ±0.9 

3.0 ±0.7 

25 ±6 

29 ±2 

55 ± 11 

39 ± 11 


(2—4) 

(3-6) 

(3—5) 

(20—32) 

(27—31) 

(49—67) 

(26—56) 


<1 

L/l 


Note. All values are given as mean ± STD (minimum—maximum). 











A circle of six somatic nuclei interrupt the ventral hypodermal cord chain of so¬ 
matic nuclei (fig. 3, E). It is a primordium of vulva. 

Differences of the third stage juveniles. Differences of male juvenile of the 
third stage from female juvenile are manifested in the presence of cloaca 
primordium and the position of germinal cells in the posterior part of the pri¬ 
mordium. In female juveniles, germinal cells are located in the anterior part of 
the primordium. Third stage juveniles differ from J2 in the number of cells of 
the primordium (more than 10 vs 4 in J2). From J4 juveniles, the third stage 
juveniles duffer in the length of primordium occupying 6 % of the body length 
or less vs 20 % or more in J4 and adults. 


Fourth stage juveniles 

Fourth stage male juveniles, fig. 4, A; 5. Measurements are given in the Table. 

Cloaca primordium is massive, with numerous somatic nuclei around rectum 
and a transparent cavity anterior to rectum with rudimentary spicules. The geni¬ 
tal primordium is distinctly divided into an anterior germinal part of 30—60 lar¬ 
ge cells and a somatic part of two rows of somatic nuclei with 15—16 nuclei 
in every row. The somatic part is not divided into sections. A spherical empty 
cavity is found in the posterior end of the primordium (fig. 4, A). Genital pri¬ 
mordium occupies 20—32 % of the body length (fig. 5). Tail tip with narrowly 
conical 6 (4—9) pm hyaline zone curved ventrally, corresponding to bursal flap 
of adult male. 

Fourth stage female juvenile, fig. 4, B; 6. Measurements are given in the 
Table. 

Genital primordium is divided into the anterior germinal part, consisting of 
20—30 large cells and the posterior somatic part consisting of more than 60 so¬ 
matic nuclei. The somatic part is divided into sections among which the uterus 
primordium (in all J4 juveniles) and the spherical spermatheca primordium 
(only in senior J4 juveniles) are distinct (fig. 4, B). The uterus primordium 
consists of many rows of somatic cells. On the ventral side of body wall in the 
middle of uterus primordium, the lens-like invagination surrounded by massive 
structure attached to the ventral body wall, is distinct. It is the vulva primor¬ 
dium. Genital primordium occupies 27—31 % of the body length (fig. 6). 

Differences of the fourth stage juveniles. Differences between male juveniles 
of the fourth stage from female juveniles are manifested in the presence of cloa¬ 
ca primordium and in the absence of sections of the somatic part of the genital 
primordium vs distinct sections in primordium of female juveniles with the mas¬ 
sive uterus and spermathecal section. In female juveniles, the lens-like transpa¬ 
rent vulva primordium at the level of uterus primordium part is present. In J4 
male juveniles, the vulva primordium is absent. The fourth stage juveniles differ 
from J3 in the larger genital primordium (20 % of body length or more vs 6% or 
less in J3) and in numerous cells of the primordium: more than 50 in J4 vs 20 or 
less in J3. From adult nematodes, J4 differ in the absence of copulative organs 
vs spicules or vulva are present in adult nematodes. 
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Adults 


Measurements are given in the Table. 

Orcein staining did not reveal any new morphological features in addition to 
detailed description published earlier (Ryss et al., 2015). 


Molting individuals 

Molting individuals are characterized by the separation of molting cuticle at 
extremities: head and tail tip. The genital primordium structure of molting spe¬ 
cimens is intermediate between structures of primordia described above for the 
juveniles of the J2—J4 stages. 

Molt from J2 to J3 (n = 1). (fig. 5, 6). 

L = 233 pm; a = 30; b’ = 3.2; c = 16; c’ = 3.6; GP = 8 pm; GP/GW = 2.6; 
GP/L = 3 %; (V) = 61 %. 

In the center of primordium, 3—4 mitoses of somatic nuclei are distinct bet¬ 
ween germinal cells. 

Molt from J3 to J4, male juvenile (n = 3) (fig. 3, H, /; 5). 

L = 390 (386—395) pm; a = 25 (20—30); b’ = 3.6—3.7; c = 13 (12—14); 
c’ = 3.0 (2.2—3.8); GP = 18 pm; GP/GW = 3.4; Gp/L = 4.5—4.6 %. 

The genital primordium is loop-shaped, with the anterior apex and both so¬ 
matic and germinal parts reversed posteriorly; the somatic part is set off by con¬ 
striction from germinal part and its tip is curved hook-like (fig. 3,7). The cloaca 
primordium is enlarged with a transparent inner cavity anterior to the rectum, 
containing transparent spicule outlines in 2 specimens. This molting phase is an 
indication of the orientation change of the somatic part, which in male juvenile 
J3 is located anteriorly and in J4 is shifted posteriorly, thus pulling a germinal 
part to the anterior direction (fig. 5, a late phase of J3—J4 molt). 

Molt from J3 to J4, female juvenile (n = 2) (fig. 6). 

L = 345—381 pm; a = 25—28; b’ = 3.1— 3.7; c = f f .5—f 3.3; c’ = 3.8—3.9; 
GP = 17—21 pm; GP/GW = 2.8—3.5; Gp/L = 4.5—6.f %; (V) = 61—65 %. 

The somatic part of the genital primordium in its posterior part possesses 
more than 20 somatic nuclei, the germinal part in the anterior part of the primor¬ 
dium with 5—10 large germinal cells. 

Molt from J4 to male (n = 1) (fig. 5). 

L = 441 pm; a = 39; b’ = 3.7; c = 15.2; c’ = 3.6; GP = 224 pm; GP/GW = 25; 
GP/L = 52 %. 

The somatic part of the genital primordium reaches the massive cloaca pri¬ 
mordium, in which inner cavity transparent spicules outlines are distinct. The 
bursa is not formed, the tail is narrowly conical, with 9 pm long hyaline zone . 

Molt from J4 to female (n = 1). 

L = 524 pm; a = 38; b’ = 4.7; c = 16.2; c’ = 5.0; GP = 270 pm; GP/GW = 25; 
GP/L = 52 %; (V) = 73 %. 

Vulva primordium is a massive cellular agglomeration with an inner trans¬ 
versal slit, but without opening outside. All sections of the genital system are 
distinct: the ovary of 30—40 germinal cells, the oviduct, empty spemiatheca, 
crustafomieria, and the uterus with inner empty cavity. 
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Key to stages of individual development of Bursaphelenchus 
ulmophilus (fig. 5, 6) 

1. Copulative structures completely developed, vulva or spicules present — 


Adults .2 

— Copulative structures absent — Juveniles.3 


2. Spicules present, tail tip with bursal flap, reversed, umbrella handle-shaped . . 

.Male. 

- Spicules absent, but vulva and developed female genital system present.... 
.Female. 

3. Genital primordium small, consists of two large germinal cells in center and 

two small apical nuclei at extremities (fig. 3, B), average body length less 

than 200 pm.Juvenile of the second stage (J2, sex not recognizable). 

-Genital primordium consists of more than 10 cells, with 5 or more lar¬ 
ge germinal cells, average body length more than 300 pm — Senior juve¬ 
niles .4. 

4. Genital primordium length is 20 % or longer than body length — Juveniles of 

forth stage (J4) .5. 

— Genital primordium length is 8 % or less than body length — Juveniles of 

third stage (J3) .6. 

5. Cloaca primordium present around rectum; somatic zone of genital primor¬ 

dium not divided into sections (fig. 4, A) .J4 Male. 

— Cloaca primordium absent, somatic zone of genital primordium divided into 

sections, among them massive uterus primordium joined with vulva pri¬ 
mordium at the ventral body wall (fig. 4, B) .J4 Female. 

6. Large germinal cells (5—8) in the posterior end of the genital primordium, 

cloaca primordium present around rectum (fig. 3, F,G) .J3 Male. 

Large germinal cells (4—6) in the anterior part of the genital primordium, 
cloaca primordium absent (fig. 3, C, D, E) .J3 Female. 

Individual growth may be illustrated in diagrams (fig. 7) with three main pa¬ 
rameters: the body length; the ratio between body length and the length of the 
pharynx till the posterior end of the pharyngeal gland lobe (b’) and the ratio bet¬ 
ween the genital primordium length and the body length. The body grows faster 
than the pharynx in male and female juveniles (fig. 7, B). The maximum elonga¬ 
tion of the body occurs between the third stage and the fourth stage (fig. 7, A). 
In the same period, the maximum elongation and differentiation of the genital 
primordium takes place in both male and female development lines (fig. 7, C). 
Juvenile body increases between molts and within developmental stages, which 
is evident in the size ranges of every stage (see table). 


DISCUSSION 

The embryonic development with hatching of J2 already molted in the egg 
may be considered as ovovivipcirity. Because the sex of juvenile is distinct star¬ 
ting from the third stage (J3) it is considered that the common in Nematoda phy¬ 
siological sex determination takes place according to environment conditions 
for the second stage juvenile (J2). The fastest growth and genital primordium 
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Fig. 7. Diagrams of the juvenile growth. 

A —- body length, B — ratio of body length to pharynx length (V), C — ratio of genital primordium length to bo¬ 
dy length (GP/L, %). Standard deviation (STD) levels are marked for mean values. 


differentiation takes place in the molt from J3 to J4 stages (fig. 7). Earlier study 
of the development of Burs aphelenchus mucronatus kolymensis (Ryss, Chemet- 
skaya, 2009) gave the similar results: the first molt occurring in the egg shell 
and 4 stages outside of egg divided by molts: J2—J4 and adult worms. The only 
difference is the dauer juvenile stage. In B. mucronatus it is the fourth stage 
juvenile (Ryss, 2008). Bursaphelenchus ulmophilus dauers taken from the Sco- 
lytus spp. beetle under-elytra spaces are identical to the third stage juveniles of 
the propagative generation grown on Botrytis cinerea culture, according to the 
genital primordium structure (Ryss, et al, 2015 and the results of this study). Le¬ 
aving the beetle surface, the B. ulmophilus dauers start to molt to the fourth sta¬ 
ge juvenile with elongated and differentiated genital primordium, just in water 
(Ryss, et al., 2015). Differences between species are also manifested in the ne- 
edle-like mucro on the tail tip, which is present in B. mucronatus in juveniles of 
J3 and J4 stages and in females (Ryss, Chemetskaya, 2009), but absent in adults 
and juveniles of B. ulmophilus. 
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